This study investigated the use of morphometric aspects of Aegla manuinflata Bond-Buckup and Santos, 2009 to determine the mean size of males and females at the onset of sexual maturity and to test for intraspecific sexual variations. The programs Mature I and Mature II were used to analyze relative growth. Relationships reflecting the onset of morphological sexual maturity were tested with the software REGRANS, as a means of comparing methodologies. The mean size at first maturity was estimated as 13.60 mm CL in males and 10.84 mm CL in females. The Principal Components Analysis showed that the dimensions of the chelipeds propodus length were primarily responsible for the total variance in the data for males and females. The Discriminant Function Analysis showed that there were no significant differences among juveniles; however, adult males and females were distinguished as two separate groups, indicating that sexual maturity in this species probably occurs after a single ecdysis. Aegla manuinflata shows heterochely, with the left cheliped being the larger in all categories. This seems to be a general pattern for members of Aeglidae.
INTRODUCTION
Models of somatic growth and of size at morphological sexual maturity are important for understanding the population and reproductive biology of crustaceans (Castiglioni and Negreiros-Fransozo, 2004) . Crustaceans are particularly attractive for such studies because their hard exoskeletons allow for precise measurements. Moreover, they exhibit wide variation in morphometric relationships related to reproduction (Hartnoll, 1982) .
The relative growth of body dimensions in crustaceans reflects a critical period in the development of the animal: the prepubertal, or pubertal ecdyses (Hartnoll, 1978 (Hartnoll, , 1982 . Evaluation of change associated with ecdyses may indicate the occurrence of sexual dimorphism, since secondary sexual characters may have different growth rates before and after maturity in males and females (Vannini and Gherardi, 1988) . Thus, a scatter plot of these two measurements for males and females can show these changes in growth rates, which separate juveniles from adult animals (Masunari and Swiech-Ayoub, 2003) .
Although sexual maturity can be determined by various methods, many of these are time-consuming and require that animals be killed. Thus, studies based solely on external morphology have been favored over methods that use characteristics of internal anatomy (Flores et al., 2002; Castiglioni and Negreiros-Fransozo, 2004; Biagi and Mantelatto, 2006) . Some available computer programs may improve the estimation of the onset of sexual maturity in crustaceans.
Three are widely used in studies of relative growth: Mature I (Somerton, 1980a) , Mature II (Somerton, 1980b) and REGRANS (Pezzuto, 1993) .
In addition to estimates of morphological sexual maturity, biometric evaluations have been successfully used in population studies to determine biogeographical patterns and phenotypic plasticity. These studies have been used, for example, to compare isolated populations, to detect intraspecific variation, and to evaluate the influence of habitat on morphology (De Grave, 1999; Kapiris and Thessalou-Legaki, 2001; von Cramon-Taubadel et al., 2005; Anastasiadou and Leonardos, 2008; Anastasiadou et al., 2009) . Aeglidae Dana, 1852 currently contains three recognized genera: two fossil genera, each with one species (Haumuriaegla glaessneri Feldmann, 1984 and Protaegla miniscula Feldmann et al., 1998) , and one extant genus, Aegla Leach, 1820, with approximately 70 described species.
Few studies have focused on size at morphological sexual maturity and biometric analyses related to sexual dimorphism in aeglids. Colpo et al. (2005) evaluated some aspects of population biology and estimated size at morphological sexual maturity based on the relative growth of Aegla longirostri Bond-Buckup and Buckup, 1994 , in the Ibicuí-Mirim River, in the central region of the state of Rio Grande do Sul, Brazil. Viau et al. (2006) developed estimates of morphological, histological and functional sexual maturity in Aegla uruguayana Schmitt, 1942 , from the Areco River, Argentina. Shimizu (2008, 2009 ) estimated characteristics of functional maturity, sexual dimorphism and relative growth of Aegla franca Schmitt, 1942, in Barro Preto Creek, Claraval Municipality, southeastern Brazil; and Oliveira and Santos (2011) estimated the mean size at the onset of sexual maturity of Aegla platensis Schmitt, 1942 , in Lajeado Bonito Creek, Frederico Westphalen Municipality, northern Rio Grande do Sul.
Aegla manuinflata Bond-Buckup and Santos, 2009 was recently described from the Ibicuí-Mirim River Basin in central Rio Grande do Sul, after it was collected for the first time in Taquara Creek in São Pedro do Sul Municipality. Until now, no study of its biology has been conducted. Because of the scarcity of information on sexual maturity and intraspecific variation in aeglids, and to expand the knowledge of A. manuinflata, an estimate of the size at onset of morphological sexual maturity of this species was performed. The estimate was based on the relative growth of secondary sexual characters, and was conducted by comparing the results obtained from two computer programs proposed by Somerton (1980a, b) and Pezzuto (1993) . Additionally, a biometric analysis was conducted to compare body dimensions between age categories, heterochely and sexual dimorphism in this species.
MATERIALS AND METHODS
Collections Aeglids were collected monthly from April 2006 to May 2007, along a 240-m stretch of Taquara Creek, a tributary of the Ibicuí Mirim River (Uruguay River Basin), located in São Pedro do Sul, Rio Grande do Sul, Brazil. The animals were collected with traps baited with beef liver, and with a hand-net. Sampling effort was 60 min, in addition to the time necessary for sorting the animals.
The specimens were sexed based on the presence (females) or absence (males) of pleopods and/or the location of the genital openings (on the coxa of the 3rd pair of pereiopods in females). Individuals with carapace length less than 3 mm were not used for the analyses, because they showed neither genital pores nor pleopods.
The following body dimensions of individuals were measured with a digital caliper to the nearest 0.01 mm: carapace length (CL) (from the tip of the rostrum to the posterior margin of the carapace); carapace width (CW) (distance between the bases of the epibranchial spines); second abdominal somite width (AW); length of the major cheliped propodus (LMP); length of the minor cheliped propodus (LSQ) and height of the major cheliped propodus (HMQ) (Fig. 1) . After the measurements, the specimens were returned to the collection locality. Animals with missing or regenerating chelipeds were not used in the analysis.
Sexual Dimorphism and Heterochely
For the assessment of sexual dimorphism and heterochely, the animals were divided into four categories according to size at morphological sexual maturity (estimated by the Mature and REGRANS programs; see Results): juvenile males, adult males, juvenile females, and adult females. All measurements taken in the field were log-transformed to normalize the data. The effect of the variation of CL (X) on a particular measurement (Y ) in each category was then removed by applying the allometric equation Y = aX b (Tzeng, 2004) . All the measurements of aeglids were standardized by applying the formula Y i * = Y i(X/Xi) b , where Y i * = the standardized measurement of the length of specimen i, Y i = measurement of the length/width of the specimen to be standardized; Xi = carapace length of specimen i, X = the mean value of CL of specimens examined, and b = the exponent of the allometric equation
b . An ANOVA (Zar, 1996) was used to compare the different standardized measurements (of carapace and chelipeds) among groups.
Multivariate analyses (Principal Components Analysis and Fisher's Discriminant Function) were used to identify morphological differences among groups. Both analyses are useful for assessing intraspecific variation (Thorpe, 1980) . The Principal Components Analysis (PCA) was used to evaluate morphometric differences among categories and to determine the contribution of each measurement to the total variance (Kovach, 1999; Anastasiadou et al., 2009 ). Fisher's Discriminant Analysis (FDA) was used to determine which functions allowed for maximum discrimination between two categories and to identify which of the field measurements provided more power to discriminate among groups (Ayres et al., 2007; Souza et al., 2009 ). All variables with values of F > 0 were used for the discrimination of groups. A plot of the results was used for visual detection of the resulting groups.
Handedness was assessed separately for each category, using the chi-square test for an expected ratio of 1 : 1 (right : left) (Zar, 1996) . All results were evaluated using a significance level of 5%.
Morphological Sexual Maturity
We used the power equation Y = aX b to describe the growth of A. manuinflata. The equation was linearized (log y = log a + b log x) and the carapace length (CL) was used as the independent variable (x), related to the dependent variables (y): major cheliped propodus length and width of the second pleomere (Huxley, 1950) .
After an initial analysis of the dispersion points, the programs Mature II and Mature I were used to evaluate the growth patterns in males and females, respectively (Somerton, 1980a, b) . To evaluate the size at which 50% of females were sexually mature, a logistic equation was used. Once the most feasible growth equations for expressing the sexual maturity of males and females were established (based on the programs), the same relationships were tested using the program REGRANS (Pezzuto, 1993) .
This comparison of methods was used because the programs calculate the mean size at the onset of sexual maturity in different ways. The Mature II program uses points already determined as juvenile and adult, and by linear regression it forms two lines forced to pass through the intersection point; subsequently, this point is changed slightly, the data are rearranged, and the lines are adjusted interactively until the intersection point results in a minimum-square sum (Somerton, 1980a) . When the pattern of dispersion points shows a data overlay, the Mature I program uses two X values, one limit for juveniles and the other for adults, which divide the X axis into three portions (only juvenile measurements, only adult ones, and a mixture of the two in the central region). The lines with data for only juvenile and adult individuals are extrapolated to the central region, and each line is recalculated. After this, each point of the intermediate region is assigned by trial and error to the closest line, and this process is repeated iteratively until all points are classified in one of the lines. In these cases it is necessary to use a logistic equation to determine the size at which 50% of individuals are sexually mature (Somerton, 1980b) .
To determine the transition point through the method of minimum squares, the REGRANS program arranges data in an ascending order of X values, and calculates the predictive regression of the first three pairs of data, retaining the sum of results of two residues of the Y square (SSRy); subsequently, the program takes the first four pairs of data and repeats the operation; this routine is repeated until the last two pairs of data are taken. After this, the program takes the lowest value of the residue of the calculated square and assumes the corresponding X value as the intersection point of two straight lines (Pezzuto, 1993) .
The coefficient of allometric growth (b) of the equation expresses the analogy between the parts evaluated. To determine whether the value of "b" of the regression equations was statistically different from 1.00 (isometric growth), a Student's t test (H 0 : b = 1) was used. Likewise, the intercept of the linear growth of male and female juveniles and adults was evaluated. These analyses were performed using analysis of covariance (ANCOVA) with a confidence interval of 95% (Sokal and Rohlf, 1979 
RESULTS

Sexual Dimorphism and Heterochely
Standardized measurements of 121 juvenile males (JM), 385 adult males (AM), 72 juvenile females (JF), and 175 adult females (AF) were used. Males and females with carapace lengths of less than 13.60 mm and 10.84 mm, respectively (see results), were considered juvenile. Carapace width, pleon width, and height of the larger (major) cheliped propodus showed significant differences in all groups (P < 0.05). The dimensions LMP and LSQ showed differences in all groups, except between juvenile males and females (P > 0.05). In all cases, the largest body measurements were observed in males.
The PCA showed two axes with eigenvalues greater than zero, which explained 94.58% of the total variation in the data. According to the values for each morphometric variable, all measurements of aeglids represented a significant portion of the total variation of the data. The values of axis II for LMP and HMQ accounted for the grouping of these variables (Table 1) . Figure 2 shows the formation of distinct groups corresponding to different sex-age categories of A. manuinflata. These results may indicate that significant changes occur during ontogeny, with juvenile individuals of both sexes forming very similar groups. As growth proceeds, the analysis of body dimensions yields different groups for adult males and adult females.
The FDA results indicated that in the first discriminant function, all measurements, except for HMQ, supported the separation of the previous groups. Similarly, as observed in the PCA, measurements of chelipeds strongly indicated that this factor was responsible for the formation of the observed groups, as shown by the values of the second discriminant function (Table 1) .
Regarding handedness, all categories showed a significantly higher proportion of individuals in which the left cheliped was larger than the right one, according to the chisquare test (P < 0.05). Similarly, in all categories, the left cheliped propodus was significantly longer than the right one (P < 0.05).
Morphological Sexual Maturity
To estimate the mean size at morphological sexual maturity, measurements of 378 males and 249 females were used. CL ranged from 3.07 mm to 27.90 mm in males, and from 3.20 mm to 24.12 mm in females. The Mature II software estimated the mean size at the onset of morphological maturity in males as 13.60 mm carapace length, for the relationship CL × LMP. For the CL × AW relationship, two distinct straight lines were not obtained.
The inverse relationship was observed in females. The best fit was obtained for the relationship between CL × AW. Mature I estimated the mean size at the onset of morphological maturity as between 7.16 mm and 13.91 mm CL. Dispersion diagrams used to analyze the mean size at the onset of morphological maturity of males and females of A. manuinflata can be observed in Figs. 3 and 4 , respectively. Depending on the logistic equation fitted by the program and calculated for this relationship, 50% of the females in the population are likely to be mature at 10.84 mm carapace length (Fig. 5) .
The size of the smallest ovigerous female collected may indicate the size at functional sexual maturity of these aeglids. In the field, the smallest ovigerous female collected had a carapace length of 12.34 mm, which was larger than that calculated by Mature I. The largest ovigerous female had a CL of 24.12 mm.
Using REGRANS, the estimated inflection point in males was at 14.29 mm CL × LMP for the juveniles and adults. For females, the relationship CL × AW had the inflection point at 13.90 mm.
There were no large differences between the values of inflection points of the straight-line relationship of juvenile and adult males (as calculated by the programs using the maximum values as parameters). For females, in the CL × AW relationship the difference between the logistic equations and the REGRANS program was 3.06 mm; when the size of the largest immature female (Mature) and the value of maturity obtained from REGRANS were compared, no significant difference was observed (difference of 0.01 mm).
It was not possible to differentiate two straight lines in those relationships that did not indicate changes in secondary sexual characters from the juvenile to the adult stage. The allometric equations and the relationships for all groups, for the Mature and REGRANS programs, are presented in Table 2 .
The two programs returned similar values of b and a. The observed differences in the female equations are due to a difference of 2 mm at the inflection point; that is, different equations were obtained for juveniles and adults in the two programs because the data sets that determined the two equations were different.
During the ontogeny of A. manuinflata, most relationships between body parts showed positive allometry. The exception was for CL × AW in juvenile females, where negative allometric growth was observed, according to both the Mature and REGRANS programs. Except for the CL × CW relationship in males, the values of b in the regression equa- Table 2 . Results of the allometric study with A. manuinflata in the Taquara Creek, São Pedro do Sul/RS, according to the Mature I, Mature II (Somerton, 1980a, b) and REGRANS (Pezzuto, 1993) programs. (sl) − P > 0.05 (there was no significant difference between the equations for juveniles and adults). a size in mm of the smallest mature female and the smallest immature female, according to the Mature I software (Somerton, 1980b) ; b new equations calculated with data of juveniles and adults grouped together; c Student's t test (P < 0.05). AW = width of the second abdominal somite; LMP = length of the major cheliped propodus; M = males; F = females; JM = juvenile males; AM = adult males; JF = juvenile females; AF = adult females; N = number of individuals; r 2 = coefficient of determination; + = positive allometry; − = negative allometry; 0 = isometry. tions were significantly different from 1 according to Student's t test. The intercepts (a) were significantly different (P < 0.05) for all data sets where the estimate of two straight lines was possible (i.e., that had indications of morphological sexual maturity). The values of F and α for the intercepts of the relationships that indicated morphological sexual maturity in males and females are presented in Table 3 .
After the analysis of relative growth, it was assumed that the mean size at the onset of morphological maturity in males of A. manuinflata occurs when they reach 13.60 mm carapace length. For females, the mean size at the onset of morphological maturity should occur around 10.84 mm carapace length; this estimate is based on the size obtained by the logistic equation from the MATURE program.
DISCUSSION
In several groups of freshwater crustaceans, especially in Palaemonidae Rafinesque, 1815 (Correa et al., 2000 (Correa et al., , 2003 Bernard and Froneman, 2005) , the presence of sexual dimorphism has been associated with the onset of morphological sexual maturity (Hartnoll, 1982) , nutritional status or nutrient availability (Anastasiadou et al., 2009) , or genetic factors (Tzeng, 2004) . In the aeglids, there are also records of sexual dimorphism (Bueno et al., 2000; Colpo et al., 2005; Viau et al., 2006; Bueno and Shimizu, 2009) .
The sexual dimorphism associated with chelipeds, and observed in A. manuinflata, is similar to that observed in other species of the genus, such as Aegla laevis laevis Latreille, 1818 (Bahamonde and Lopez, 1961) , Aegla paulensis Schmitt, 1942 (Lopez, 1965 , Aegla perobae Rodrigues, 1977 (Rodrigues and Hebling, 1978) , A. platensis (Bueno et al., 2000) , and A. franca (Bueno and Shimizu, 2009 ). In the last-mentioned study, the authors suggested that A. franca undergoes sequential life stages that reflect the level of allometry of the chelipeds, with the first change being a small alteration in the allometry of individuals reaching adulthood (pubertal ecdysis), and the second being a more pronounced change marked by the overlap of points in the dispersal diagram of adults (around 14.88 mm carapace length). In both cases, as observed in A. manuinflata, the allometric growth is positive.
As was observed in A. franca (Bueno and Shimizu, 2009 ), the left cheliped was larger in both sexes of A. manuinflata. In decapod crustaceans, the major cheliped is generally associated with reproductive activities, whereas feeding, cleaning and other activities are associated with the minor chela. Viau et al. (2006) reported that in A. uruguayana, the major cheliped is used to guard the female from other males. Almerão et al. (2010) reported that males of A. platensis exhibit guarding behavior after mating, and females clean the abdominal chamber with the major cheliped after laying eggs. Biometric studies on aeglids that evaluate different body dimensions associated with sexual dimorphism are few. In the analyses for this study, all the dimensions contributed to a significant portion of the total variation in the data, even though the differences in dimensions are not easily observed in the field.
In this study, the results of the FDA showed that the set of measurements from juvenile individuals formed a poorly defined group, indicating that the growth of A. manuinflata is similar in both sexes until the onset of sexual maturity. After pubertal ecdysis and gonad differentiation, growth becomes differentiated and the groups are clearly defined. The differentiation of pleon width in females during the passage to adulthood observed in this study and in other crustaceans (Santos et al., 1995; Mariappan et al., 2000; Tsuchida and Fujikura, 2000; Viau et al., 2006) may account for the differentiation of the measurements of this group from the other groups. The differences in size of chelipeds among the analyzed categories reinforce the separation of the measurements among groups, especially for adult males.
The values of carapace length at morphological sexual maturity for males were very similar when the results of the two programs were compared. For females, the value of the mean size at onset of sexual maturity was smaller than the size at functional sexual maturity, because the data were not calculated directly by Mature I, i.e., it was necessary to use the logistic equation to determine the size at which 50% of females were sexually mature.
The similarity between the results obtained from RE-GRANS and Mature II in the relationships between carapace length and the measurements of chelipeds of males, leads to the conclusion that each program yielded equivalent results when the data are fitted without overlap of the juvenile and adult straight lines. However, when there is data overlap for juveniles and adults (when it is necessary to use Mature I), the results from REGRANS would be less appropriate, considering that in this study, the logistic equation calculated with data from Mature was the better indicator of female size at onset of morphological sexual maturity.
The estimates of morphological sexual maturity performed for the aeglids by Colpo et al. (2005) , Viau et al. (2006) and Oliveira and Santos (2011) for A. longirostri, A. uruguayana, and A. platensis, respectively, showed that both cheliped length for males and carapace width for females are the dimensions that best indicate changes in relative growth. Sizes for sexual maturity reported in these studies ranged from 13.7, 14.5, and 19.15 mm CL for males of A. longirostri, A. uruguayana, and A. platensis, respectively. For females these values were 10.70, 11.50, and 16.5 mm CL, respectively. Hartnoll (1974 Hartnoll ( , 1978 pointed out that both chelae length and abdomen width can be considered secondary sexual characters in crustaceans, because of their key roles in reproduction. In males, chelae are important for fighting (Ayres-Perez et al., 2011) . On the other hand, the larger shape and size of the adult female's abdomen allow her to carry a larger egg mass. This pattern was also observed in other studies with decapod crustaceans (Santos et al., 1995; Pinheiro and Fransozo, 1998; Mariappan et al., 2000; Tsuchida and Fujikura, 2000; Baptista-Metri et al., 2005; Pinheiro and Hattori, 2006; and others) .
In females of A. manuinflata, two straight lines were fitted for the relationship between CL × HMQ, as well as for abdomen width, where this may be useful for estimating sexual maturity. However, this growth pattern of chelipeds in females is uncommon in decapod crustaceans. The increase in relative chela height in adult females may be associated with other reproductive events, such as mate choice, parental care of newly hatched juveniles, seeking shelter during egg incubation, and others; however, it does not necessarily indicate the onset of morphological sexual maturity (Hartnoll, 1978; Viau et al., 2006) .
Positive allometry was found in all body relationships tested for A. manuinflata; that is, a significant increase in the relative growth of these characters as the aeglids reach adulthood was observed, especially in the relationships involving the length of the major and minor chelipeds, the height of the propodus in males, and the abdomen width in females. Hartnoll (1982) pointed out that in brachyuran crustaceans, growth is slightly allometric in the juvenile phase, and this allometry intensifies during adulthood. The results of this study, as well as those that examined relative growth in other species of this genus, corroborate this pattern, which can therefore be extended to the family Aeglidae as a whole (Colpo et al., 2005; Viau et al., 2006) .
